From time series CCD observations of a fixed and large star field that contained the binary trans-Neptunian Object (90482) Orcus (formerly 2004 DW), taken during a period of 33 days, we have been able to derive high-precision relative astrometry and photometry of the Orcus system with respect to background stars. The right ascension residuals of an orbital fit to the astrometric data revealed a periodicity of 9.7 ± 0.3 days, which is what one would expect to be induced by the known Orcus companion (Vanth). The residuals are also correlated with the theoretical positions of the satellite with regard to the primary. We therefore have revealed the presence of Orcus' satellite in our astrometric measurements, although the residuals in declination did not show the expected variations. The oscillation in the residuals is caused by the photocenter motion of the combined Orcus plus satellite system around the barycenter along an orbital revolution of the satellite. The photocenter motion is much larger than the motion of Orcus around the barycenter, and we show here that detecting some binaries through a carefully devised astrometric technique might be feasible with telescopes of moderate size. We discuss the prospects for using the technique to find new binary Transneptunian Objects (TNOs) and to study already known binary systems with uncertain orbital periods. We also analyzed the system's mid-term photometry in order to determine whether the rotation could be tidally locked to the satellite's orbital period. We found that a photometric variability of 9.7 ± 0.3 days is clear in our data, and is nearly coincident with the orbital period of the satellite. We believe this variability might be induced by the satellite's rotation. In our photometry there is also a slight hint for an additional very small variability in the 10 hr range that was already reported in the literature. This short-term variability would indicate that the primary is not tidally locked and therefore the system would not have reached a double synchronous state. Implications for the basic physical properties of the primary and its satellite are discussed. From angular momentum considerations we suspect that the Orcus satellite might have formed from a rotational fission. This requires that the mass of the satellite would be around 0.09 times that of the primary, close to the value that one derives by using an albedo of 0.12 for the satellite and assuming equal densities for both the primary and secondary.
Introduction
Trans-Neptunian Objects (TNOs) are important bodies because they are thought to be leftovers from the process of the formation of the solar system and they carry important information about the early stages of the solar system Tsiganis et al. 2005; Gomes et al. 2005) . They are also thought to be the parents of the short-period comets (Fernandez 1980) and therefore a source of objects that eventually can come close to the Sun or to the Earth. Among the TNOs, there are dwarf planets whose study is important per se, but also because they provide a wealth of information about the physical processes that take or took place in the trans-Neptunian Belt. Large TNOs are supposed to retain primordial information about the original spin rate distribution because apparently they are the least collisionally evolved objects (Davis & Farinella 1997; Benavidez & Campo Bagatin 2009) . However, some degree of spin evolution owing to tidal interactions in binaries can alter this concept and, Orcus may represent a good example as we will see later, as does Pluto.
The trans-Neptunian object (90482) Orcus (also known as 2004 DW from its provisional designation) is one of the brightest known TNOs discovered so far and possibly one of the largest. Indeed, Orcus qualifies to become a dwarf planet because of its large diameter (D=850±90 km), which has recently been measured with enough precision by the Herschel Space Observatory Lim et al. (2010) and is consistent with Spitzer measurements (Stansberry et al. 2008) . It belongs to the plutino dynamical class and it is therefore the largest plutino immediately after Pluto. Besides, Orcus is an interesting object for other reasons: It is known to posses a satellite, Vanth, which orbits Orcus in around 9.5 days and whose orbital plane is almost perpendicular to the line of sight (Brown et al. 2010) . Water ice and perhaps even ammonia has been found on its surface through near infrared spectroscopy (Fornasier et al. 2004; Trujillo et al. 2005; de Bergh et al. 2005; Barucci et al. 2008 ). Thirouin et al. (2010) included more data, obtaining a rotation period of 10.47 hr. In both works the variability was very low (≤ 0.04 mag). Other works on the short-term variability of Orcus by Sheppard et al. (2007) and Tegler et al. (2005) failed to find a high amplitude periodicity in Orcus, but those works did not reject the possibility of a lightcurve with an amplitude below 0.06 mag (Sheppard (2007) ), which is consistent with the Ortiz et al. (2006) results, and the 0.02mag variability in 7 hours of observation reported by Tegler et al. (2005) is particularly consistent with the Ortiz et al. (2006) and Thirouin et al. (2010) rotational lightcurves.
These results already seem to indicate that Orcus' rotation is not tidally locked to its satellite, but because the satellite orbital period is much longer than the usual observing windows for rotational variability studies, the question arises as to whether the Ortiz et al. and Thirouin et al. works could have detected a rotation period as long as 9.5 days. Therefore we decided to schedule a specific long observing run spanning more than 20 days in order to study the photometric behavior of Orcus to check whether a long 9.5 day rotation period was possible or not.
We also intended to check whether the presence of Orcus' satellite could be detected by means of high-precision relative astrometry with respect to background stars in order to test the technique for future detection of new binaries by means of telescopes other than the Hubble Space Telescope (HST). Besides, the technique might help in determining the orbital periods of the known binaries whose orbits are very uncertain. Because Orcus' satellite separation is around 0.3 arcsec, with a small mass ratio, these observations seem challenging, but because Orcus is also among the brightest TNOs, we decided to test the technique with a small telescope (which can easily provide the needed large field of view).
In this paper we report the results from our long astrometry and photometry runs on Orcus. In the first section of the paper we describe the observations and the applied basic image reductions. A second section is devoted to showing the results and their analysis, a discussion section follows and finally a conclusions section summarizes our main findings.
Observations and reductions
The CCD images were taken with a 0.45m f/2.8 remotelycontroled telescope located on top of Cerro Burek (Complejo Astronómico el Leoncito, CASLEO) in Argentina, and equipped with a large format CCD camera of 4008 x 2672 pixels. The pixel scale is 1.47 arcsec/pixel and the total FOV of the instrument is 98×65 arcmin. The observations were obtained through a very broad-band filter in order to maximize the signal-to-noise ratio. The transmission curve is shown in Fig. 1 . Integration times were always 300 s and the telescope was always tracked at sidereal rate. The trailing of the object during these short times was negligible. The observations were taken during 18 nights spanning a period of 33 days. A total of 180 images were acquired for this project. The typical signal-to-noise of the Orcus' observations was around 30. The images were usually taken near the meridian so that the object was at its highest elevation as seen from Cerro Burek; this maximizes the signal-to-noise ratio that can be achieved and at the same time minimizes the differential refraction. Seeing ranged from 2 to 4 arcsec, and therefore the Orcus-Vanth pair was always unresolved.
In each observing night we aimed the telescope at fixed coordinates so that the observed star field was exactly the same at all dates of observations. In other words, the images were not centered on Orcus. A key issue in our program was that the field of view of the instrument is very large, which allowed us to always use the same reference stars for the photometry (and that is also true for the astrometry). Therefore we could perform very high precision relative photometry and relative astrometry. In other words, our project could be carried out because it was executed with a large FOV instrument. This would not have been possible with the much smaller field of view of most large telescopes. The images were corrected for bias and dark current by means of master bias and dark current frames obtained by median combining 10 to 20 images on average. Flatfield corrections were also applied with median flatfields taken at dusk. An image of the observed field with the motion of Orcus indicated is presented in Fig. 2 .
The astrometry was obtained by finding the best third-order polynomial that related the image coordinates and sky coordinates. In order to solve the equations we used ∼ 500 UCAC2 reference stars. The UCAC2 astrometric catalog (Zacharias et al. 2004 ) was used because it offered a convenient number of reference stars in order to solve the plates. However, the choice of the catalog was irrelevant because our goal was to obtain high accuracy relative astrometry, not absolute astrometry. The choice of any other catalog would be acceptable as well, as long as the catalog has enough stars to reliably solve for the polynomial plate constants. The source positions were derived by using SExtractor (Bertin & Arnouts 1996) . The aperture radius for finding the centroids of the Orcus-Vanth system was 3 pixels. Because the image scale of the detector is 1.47 arcsec/pixel, the 3-pixel aperture guaranteed that most of the flux of the objects entered the aperture even for the poorest seeing conditions possible. The typical uncertainties in the astrometry were slightly larger than a tenth of the pixel size. An average uncertainty of 0.13 arcsec was determined from the measured and known positions of the UCAC2 standars. Nevertheless, because Orcus is fainter than the UCAC2 stars and its centroid determination would be more noisy, we measured the standard deviation of the positions determined for stars of similar brightness to Orcus. The standard deviation turned out to be 0.18 arcsec. Note that these are uncertainties of the individual images. By using large numbers of images one can pinpoint motions smaller than 0.18 arcsec.
The relative photometry was obtained by following a similar approach to that in Ortiz et al. (2006) , although with some improvements as described in Thirouin et al. (2010) . The positions of 20 reference stars used for the relative photometry are also marked in Fig. 2 . Several synthetic aperture radii were used, but we chose the aperture that resulted in the best photometry in Fig. 3 . Right ascension residuals as a function of date from an orbital fit to the astrometry in Table 1 . A sinusoidal fit to the data is superimposed.
terms of scatter. Images that showed Orcus to be close to a faint star or had potential problems for the high-precision photometry were discarded. Nearly 20% of the images were rejected for use in the relative photometry analysis. Some stars that showed variability were rejected from the analysis as well. The final standard deviation of the photometry was 0.07 mag. Because Orcus' phase angle and distance to Earth and Sun changed somewhat along the 33-day period, the data were corrected for these effects by subtracting a −5log(r∆) factor (where r is distance to the Sun and ∆ is distance to Earth). Those distance-corrected relative magnitudes were used to fit a linear phase dependence, which is known to work well for TNOs (Sheppard & Jewitt (2003) ). The phase slope we derived is 0.08 ± 0.04 mag/degree, which is consistent with the value of 0.11 ± 0.03 from Rabinowitz et al. (2007) in V band. After this phase dependence was removed we obtained magnitudes as a function of date, which were later used to determine a lightcurve as described in the next paragraph. Tables 1 and 2 contain the final astrometry and the relative photometry (corrected for distance and solar phase angle) respectively.
Results and analysis
Concerning the astrometry results, the right ascension (RA) residuals obtained from an orbital fit to the astrometry are shown in Fig. 3 . as a function of date. A Lomb periodogram analysis (Lomb 1976 ) of the time-series RA residuals is shown in Fig. 4 . As can be seen in the plot, the highest peak in the periodogram is at 0.1029 cycles/day, which corresponds to a period of 9.7 ± 0.3 days. The confidence level of the detection is well above 99%. Such a period is entirely consistent with the 9.53-day orbital period of Orcus's satellite (Brown et al. 2010) . ¿From a sinusoidal fit, the peak to peak amplitude of the oscillation in the residuals is 0.3 ± 0.2 arcsec.
If most of the orbits of binary systems lie on the ecliptic, we expect that the RA residuals are more appropriate than the declination residuals to study the systems because the declination residuals would be more difficult to detect in these cases. However, because Vanth's orbit plane appears to be close to the perpendicular to the line of sight, the residuals in declination should also reveal the periodicity. However, we did not find the 9.7-day period. There are several reasons that can explain this. They are discussed in the next section.
We also studied whether the values of the residuals were correlated or not with computed theoretical positions of Orcus' satellite. We did that as a further test to check whether we had indeed detected the presence of a satellite in our data or if the result was a mere coincidence (despite the very high significance level of the detected periodicity). We took nightly averages of the residuals to avoid computing around 200 orbital positions. The binned residuals in arcsec and the theoretical east-west distance of the satellite with respect to Orcus are shown in Table 3 . The theoretical positions were computed with the orbital information given in Brown et al. (2010) and updated in Carry et al. (2010, submitted) . A Spearman test results in a clear correlation of the two columns in Table 3 with a significance level of 97%. We used the Spearman test because this correlation analysis is independent of the exact functional form of the relation, which is not known a priori. Although the angular separation of the satellite with respect to the primary should be linearly related to the theoretical distance between primary and secondary, the photocenter separation in groundbased observations is a complex function of the expected angular separation, seeing, observing conditions, and magnitude difference of the primary to the satellite. Nevertheless we have also performed a linear regression analysis, and the corresponding fit is shown in Fig. 5 . The coefficients of the fit were 0.003 ± 0.030 for the intercept and 1.39×10 5 ± 0.49×10 5 for the slope. The periodogram and the correlation analysis are two different diagnostics, and which indicate the presence of astrometry residuals linked to the satellite. We can thus be confident that the presence of Orcus' satellite is unambiguously revealed in our data.
On the other hand, the periodogram analysis of the timeseries relative photometry clearly indicated a frequency of 0.1029 cycles/day, which corresponds to a period of 9.7 ± 0.3 days (see Fig. 6 ). It must be pointed out that the 9.7-day variability was already detected even prior to correcting the data for solar phase angle and distance to Earth and Sun. Hence, it is not an artifact from the data processing. A lightcurve for that rotation period is presented in Fig. 7 . The peak to peak amplitude from a sinusoidal fit to the data is 0.06±0.04 mag. This variability could becaused by a nonspherical shape or albedo variations or even a combination of both. In addition, the 9.7 ± 0.3 day variability could be caused by the primary or by the satellite. We suspect it is the satellite, for reasons that will be discussed in the next section.
Discussion
The predicted position for Orcus based on its orbit around the Sun should basically correspond to the barycenter of the system, not exactly to that of the largest component of the system. With a nominal mass ratio supposedly of ∼ 0.03 (Brown et al. 2010) , the offset (primary to center-of-mass) could be ∼250km in distance. At Orcus' distance from Earth, and neglecting the light contribution of the secondary, this translates into a mere ±0.009arcsec wobble, which would be undetectable in our data. Therefore, it appears that the light contribution of the secondary must be very relevant.
The maximum separation of Orcus and its satellite is around 9000 km. At Orcus's distance from Earth this translates into approximately 0.3 arcsec. Because the brightness of Orcus' satellite is not negligible, it might shift the photocenter a large enough amount to be detected. Then, the motion of the photocenter around the barycenter (which is very close to the primary) might seem the correct explanation of the periodic signal that we are detecting in our astrometry. We have modeled the maximum photocenter shift of the combined Orcus + satellite system with respect to the primary by generating synthetic images in which there are two point sources with 0.3 arcsec separation and a magnitude difference of 2.5mag (Brown et al. 2010 ). These point sources were convolved with Moffat point spread functions (which are typical of ground based observations) for several seeing values, and the position of the photocenter was measured with respect to the position of the primary. The DAOPHOT centroid algorithm was used to find the photocenter. For the typical seeing conditions of our observations the maximum separation of the photocenter with respect to the position of the primary is 0.03 arcsec according to our simulations. Therefore, the peak to peak variation in the residuals of our astrometric observations should be around 0.06 arcsec, which is much larger than the barycenter wobble mentioned in the first paragraph, but 0.06 arcsec is less than the 0.3 ± 0.2 arcsec amplitude of the astrometry residuals that we have measured.
The main parameter to increase the photocenter shift of the simulations to reach the almost 0.3 ± 0.2 arcsec amplitude in the residuals is the magnitude difference between Orcus and its companion. By reducing it to just 0.5mag we would obtain a nearly satisfactory agreement. However, Vanth's brightness would have to oscillate by nearly 2 magnitudes in a rotation period, which is not feasible: the satellite would have to be too elongated. It appears more likely that the true oscillation in the residuals is closer to the lower end of our estimate (0.1 arcsec), which is compatible with the error bar. From the synthetic images, in order to reach 0.1 arcsec amplitude in the residuals, the magnitude difference of secondary to primary should only change from 2.5mag to 2.0mag. This brightness change in the satellite would induce a 0.06mag lightcurve amplitude on the Orcus system. This coincides with the 0.06 ± 0.04 mag lightcurve amplitude that we presented here, and therefore the satellite variability might explain both the amplitude of the astrometry residuals and the amplitude of the lightcurve. However, keeping in mind that the orbital plane of the satellite is almost perpendicular to the line of sight, the satellite's spin axis orientation should not be very far from the perpendicular of the orbital plane and in order for a 0.5 mag change to take place with this orientation, the satellite would have to be considerably elongated. A large magnitude change in the satellite' brightness caused by albedo variegations is also a possibility, but high variations are only known for a few objects in the solar system. The saturnian satellite Iapetus, whose leading side is almost 2 magnitudes fainter than its trailing side, is the most extreme case. However, for Orcus it is difficult to envision a similar scenario to that proposed for the existence of Iapetus' two distinct sides. If the real peak to peak amplitude of the RA residuals is even smaller than 0.1 arcsec, then the needed brightness variation of Vanth is smaller than 0.5mag, which would mean that the satellite does not have to be very elongated or present very high albedo variations.
The variability in Vanth can also offer an explanation for the lack of detection of the 9.5 day periodicity in the declination residuals. Because Vath's brightness maxima are nearly in phase with the maxima in RA residuals, the RA residuals are the ones that reach the highest amplitude according to the simulations with synthetic images because the separation is sensitive to the magnitude difference. Other reasons for the lack of detection of 9.5 day periodicity in the declination residuals might be a smaller inclination of the orbital plane than the perpendicular to the line of sight. This might be enough to reduce the amplitude of the residuals so that detectable levels are not reached, or maybe there were systematic effects in declination (like contamination from background stars as Orcus moves with respect to the star field).
¿From the Orcus experience we can try to draw some conclusions for the prospects of detecting new binaries by means of the astrometric technique and also for the study of known binaries that have very uncertain orbital periods. Because most of the TNO binary discoveries have been made by means of the Hubble Space Telescope or by means of adaptive optic instruments on large telescopes,for which observing time is scarce, a different approach to detect and study binary TNOs that would make use of other more accessible astronomical facilities might boost this important area of TNO science. From the Orcus experience we have detected the satellite with a precision in the relative astrometry measurements of around 0.15 arcsec for the individual exposures. This precision can be considerably reduced with larger telescopes. The main cause for the uncertainties in the relative astrometry is the uncertainty in the centroid calculation, which is basically a function of the achieved signal-to-noise ratio and the pixel scale. Therefore, telescopes in the 2m-range should be capable of delivering good signal to noise ratios on m v ∼21 objects and would allow us to detect oscillations in the astrometry of only a few tens of mas. This would inturn allow us to detect close faint companions, even closer than the Orcus satellite. Short orbital periods would be the easiest to detect, because mid to long orbital periods would require long observing runs and very large fields of view. Therefore the technique has the potential to reveal closer binaries than those that HST and adaptive optics systems are finding.
Concerning the photometry results, the nature of the ∼10 hr short-term variability of low amplitude reported in Ortiz et al. (2006) and Thirouin et al. (2010) (with very high significance levels) is difficult to asses. We investigated whether this variability is also seen in the present data, but neither the precision nor the observing windows were appropriate to study a very low amplitude short term variability of around 10 hr. However, in the periodogram of Fig. 5 there is a high peak in the 2.3 cycles/day range (corresponding to a period of around 10.4 hr) that is not an alias of the main period (most of the large peaks in the periodogram are aliases of the 9.7-day period). The periodogram in Fig. 5 is shown in the frequency domain because aliases are easily identified as k + f 0 or k − f 0 , where k is an integer and f 0 is the main frequency. Thus, the periodogram shows a hint for a possible short-term variability consistent with that reported in Thirouin et al. (2010) and Ortiz et al. (2006) . Unfortunately, the spectral power of the peak is not very high and the significance level of the peak is below 80%. Therefore, from the present data there is only a hint for the ∼ 10 hr period.
If the short-term variability in Ortiz et al. (2006) and Thirouin et al. (2010) is indeed not an artifact, it might be revealing the primary's spin period (or half its spin period if the variability is caused by shape), which could be different to that of the satellite. A variability of the amplitude ≤ 0.04 mag in the primary is below the average 0.1 mag amplitude of the large TNOs whose short term variability has been studied (Thirouin et al. 2010; Duffard et al. 2009 ), but the largest TNOs have even smaller variability than the average because there is a well identified size-dependence (Trilling & Bernstein 2006; Sheppard et al. 2008; Thirouin et al. 2010) . If the spin axis orientation of Orcus is not far from the perpendicular to the satellite orbital plane, the aspect angle would be small and therefore we would expect a smaller variability than the mean 0.1 mag. From the studies of Duffard et al. (2009) and Thirouin et al. (2010) the object is likely to be a McLaurin spheroid with variability induced by albedo variations. The ∼ 10 hr rotation rate of Orcus is slower than the TNO average. Assuming that the current rotation rate was primordial and assuming hydrostatic equilibrium (which is likely for TNO this large) the equilibrium figure for plausible densities is a McLaurin spheroid. In summary, the variability in the primary is presumably from albedo variegations, and the ∼ 10 hr variability with ∼ 0.04 mag amplitude seems entirely consistent with what we know about Orcus. If the primordial spin rate of Orcus were much faster (this will be dealt with at the end of the discussion), one might expect a Jacobi shape and some elongation, but a body like this viewed from the presumed aspect angle near the line of sight would present very small variability. This might well be the case if the object is the remnant of a rotational fission, as discussed in the last paragraph of this section.
One might also wonder whether the photometry might be indicating a rotation plus a forced precession of the primary, with no contribution from the satellite. For single bodies as large as the TNOs, excited rotation states are extremely unlikely because of the very small damping time compared with the age of the solar system (e.g. Harris (1994) . However, for binary bodies one might think that forced precession might be present. Unfortunately our time series data do not cover a time span sufficiently long in order to be able to fit two-dimensional Fourier series like those used to study tumbling asteroids (Pravec et al. 2005 ).
Therefore we believe that the current best explanation to the available photometry data is that Orcus' satellite has a tidally locked rotation that Orcus has not.
The time required for tidal locking of a satellite around a planet is (Gladman et al. 1996; Peale 1977) 
where ω is the initial spin rate (radians per second), a is the semi-major axis of the orbit of the satellite around the planet, I is the moment of inertia of the satellite, Q is the dissipation function of the satellite, G is the gravitational constant, m p is the mass of the planet, k 2 is the tidal Love number of the satellite, and R is the radius of the satellite. k 2 can be related to the rigidity of the body and its density by means of the equation (Murray & Dermott 2000) 
where µ is the rigidity of the body, ρ its density and g is the gravity acceleration at the surface of the satellite. Using plausible values of all the parameters, the timescale for the satellite spin locking is much shorter than the age of the solar system. Thus it is likely that the satellite has reached a synchronous state.
The time for the tidal locking of the primary can also be obtained from Eq.1 by swapping the satellite and planet parameters. That Orcus could still be spinning relatively fast (it would have slowed down only from ∼7 hr, the average initial spin in the Kuiper belt (Duffard et al. 2009 ) to 10 hr) would indicate that the mass ratio as well as the diameter ratio of the system is very low, but the Love number and the dissipation factor might also be very different in the primary compared to the satellite.
If we assume that the Orcus primary has been tidally despun from 7 hr to 10 hr we can compute the total angular momentum, lost by the primary, which would have been gained by the secondary in the form of orbital angular momentum and therefore the orbit semimajor axis would have expanded. The estimated initial semimajor axis would be around 3700 km for a mass ratio of 0.03, and about 8300 km for a mass ratio of 0.3.
Regardless of the formation mechanism of the satellites in the solar system, most of the large satellites orbiting planets are tidally locked. Therefore, if the Orcus' satellite is tidally locked, this does not give information on its formation scenario. However, if one assumes that it formed after an impact and the orbit evolved tidally, one can constrain the initial semimajor axis of the satellite orbit assuming a range of masses for the satellite. The values mentioned in the previous paragraph would correspond to the initial configurations after collision. Alternative scenarios to the collision for the origin of Orcus' satellite might be more appropriate, like the capture mechanism. The semimajor axes determined above would then be the initial configuration after the capture.
If Orcus' primordial rotation rate was already around 10 hr when it formed, then it appears that the tidal interaction of the satellite has not slowed down Orcus significantly. This would either mean that the mass ratio of Vanth relative to Orcus is extremely small or that the formation of the system is relatively recent. Yet the 0.03 mass ratio that we used as the nominal value is already a low value, because it comes from the assumption that the albedos of both Orcus and Vanth are equal, but it is very likely that the albedo of Vanth is much smaller than that of Orcus. Orcus has prominent water ice absoption features in its spectrum, which means that that the surface content of water ice is large and the geometric albedo should be high. That is consistent with the ∼ 0.3 albedo determined by several authors. On the other hand the satellite shows no water ice features in its spectrum (Brown et al. 2010 ) and most likely an albedo of 0.12, which is close to the average value for non-water ice rich TNOs, would be applicable to Vanth. With this value, the mass ratio would approximately be 0.09.
It is suspicious that the spin rate of Orcus is still high despite the tidal interaction. One may argue that the initial rotation state of Orcus was much faster than it is now. Indeed, if the initial spin rate of Orcus were close to its critical rotation, Orcus might have broken up and the satellite might have been a result of such proccess. The specific angular momentum that Orcus would have had would have been close to the one we observe today in the system, provided that the mass of the satellite is higher than the nominal value of 0.03 times Orcus' mass. Indeed, a value of 0.09 which we derived above for the mass ratio, would provide exactly the needed specific angular momentum. In other words, 0.09 is coincident with the mass ratio obtained by using a lower and more realistic albedo value for Vanth than that of Orcus. When one uses that mass ratio and a 10 hr period for Orcus, the specific angular momentum of the system exactly matches that of a very fast rotating Orcus near its critical limit. The angular momentum from the slowing down of Orcus' rotation rate would have been transferred to the satellite orbital angular momentum. This transfer would have caused the satellite orbit to move to its current position (from a=0 to a=8980 km). Therefore we believe that the rotational fission of Orcus is a good candidate mechanism to have formed Vanth. Rotational fission of TNOs is discussed in more detail in Ortiz et al. (2010, in preparation) .
Conclusions
We presented results from an 18-night astrometry and photometry run devoted to Orcus' system. The results clearly show that Orcus' satellite imprints an unambiguous periodic signal in the relative astrometry, which is detectable despite the high magnitude difference between Orcus and its satellite (∼ 2.5 mag). Fig. 7 . Lightcurve resulting from the relative photometry. The relative magnitude is plotted versus the rotational phase (normalized to 1 rather than 2π). A sinusoidal fit is superimposed.
The periodicity in the astrometry residuals is coincident with the orbital period. The values of the residuals are correlated with the theoretical positions of the satellite with respect to the primary. We have thus shown that detecting binary systems in the trans-Neptunian Belt by means of high-precision astrometry with medium to large telescopes is feasible provided that the barycenter and photocenter of the binary systems do not coincide and are separated by at least tens of milliarcseconds. Because the typical magnitude difference of the binary components is small in the known binaries (Noll et al. 2008) , much smaller than in the test case of Orcus, while on the other hand separations of thousands of km are typical among the binary TNOs, the wobble of the photocenter might be detectable. Therefore, specific relative astrometry campaigns with moderately sized telescopes might be a powerful means to study TNOs. Another possible observing strategy is to perform absolute astrometry; this necessitates good astrometric catalogs with faint stars like the astrometric catalog that the Gaia mission will provide. From our photometry run we also determined that Orcus' system has a 0.06±0.04 mag variability with a period of 9.7 ± 0.3 days, which is coincident with the orbital period. We think that this variability is caused by the satellite. Therefore at least the satellite rotation is synchronous. Whether the rotation is synchronous or double synchronous is not known yet with absolute certainty, but there is considerable evidence that Orcus is spining much faster than 9.5 day. The short-term variability of ∼ 0.04 mag and period around 10.5h already reported Thirouin et al. 2010 ) is clear evidence, and there is also a hint for a similar periodicity in the photometry data presented here, although their precision was not sufficiently high. All this would indicate that Orcus primary has not been sufficiently tidally despun to reach a double synchronous state. If we assume that the initial spin period of Orcus was around its critical value, the total angular momentum lost by the despun to 10 hr would have been gained by the satellite, which would have reached exactly its current configuration if the mass ratio of the system is around 0.09 (the value obtained by assuming that Vanth's albedo is smaller than that of Orcus, which is likely the case according to their very different spectra). This would give support to the idea that the satellite might be the result of a rotational fission. 
